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(abbreviated as the 1111-system) and related compounds has generated great interest in understanding the interplay of magnetism, superconductivity, and electrical structure. So far, several other groups of iron-based superconductors have been discovered, such as AeFe 2 As 2 (abbreviated as the 122-system, Ae = alkali earth metals), 2 LiFeAs (abbreviated as the 111-system), 3 and tetragonal FeCh (abbreviated as the 11-system, Ch = chalcogen). 4 These iron-based compounds display a phase transition from antiferromagnetic to superconducting ground states tuned by chemical doping 1 or external pressure, 5 suggesting that the antiferromagnetic spin fluctuations of Fe play an important role in developing the superconducting ground states. 2 The 11-system superconductors, such as Fe 1+δ Se, 4, 6 FeTe 1−x Se x , 7 and FeTe 1−x S x , 8 are of great importance in understanding the mechanism of superconductivity in iron-based superconductors owing to their simple structures. Fe 1+δ Se, which exhibits superconductivity at T c = 8 K, has a tetragonal PbO-type structure (P 4 /nmm) composed of stacked FeSe layers along the c-axis. 4 The superconductivity in Fe 1+δ Se is significantly affected by external pressure 6, 9-11 and chalcogenide substitutions. 7, 8 In particular, an applied pressure of only up to 4.15 GPa drastically enhances its T c to ∼ 37 K (d lnT c /dP ∼ 0.91). 9 The pressure effect of superconductivity in Fe 1+δ Se is larger than that in other iron-based superconductors, e.g., the T c of LaFeAsO 1−x F x increases from 26 K at ambient pressure to 43 K at 4 GP (d lnT c /dP ∼ 0.16). 5 For a thorough understanding of the mechanism of superconductivity in iron-based superconductors, it is important to study the upper critical field (µ 0 H c2 ) because the µ 0 H c2 provides information on anisotropy, coherent length, effective electron mass, and the pairbreaking mechanism. In general, high T c superconductors show extremely high µ 0 H c2 values.
The temperature dependence of µ 0 H c2 (T ) in low magnetic fields is often a very poor guide to its intrinsic features at low temperatures. Therefore, transport measurements in very high magnetic fields and at low temperatures close to T = 0 K have provided useful information not only on µ 0 H c2 (0) but also on the nature of the phase in the vicinity of a quantum phase transition point. Previously, we reported the temperature dependence of µ 0 H c2 (T ) on 25 . We prepared a sample with typical dimensions of 800×200×15 µm 3 for electrical resistivity (ρ) measurements. The sample is mounted on a sapphire substrate (4×0.5×20 mm 3 ), which is a good thermal anchor. The temperature dependence of ρ(H) was measured by a dc four-probe technique in static magnetic fields of up to 14 T with a commercial superconducting magnet system (Oxford Instruments Ltd.).
The electrical current direction was parallel to the ab-plane of the sample, and the magnetic field was applied along the ab-plane or the c-axis. The ρ(H) in pulsed magnetic fields of up to 55 T was measured by utilizing a non-destructive pulsed magnet. The duration of the pulsed magnetic field was about 40 msec. ∆T ab c = −1.5 K and ∆T c c = −3.2 K, respectively. The ρ(H) − T curves for both H ab and H c shift parallel to the low temperature side with increasing magnetic fields without broadening, suggesting that the two-dimensional feature of the present sample is smaller than that of high-T c cuprates. 17 In general, the resistive-broadening effect of high-T c cuprates 3/10 is attributed to strong superconducting fluctuations due to the high two-dimensionality of the CuO 2 -plane. 17 In our results, however, a weak resistive-broadening is observed at higher magnetic fields for H c, which probably shows an effect from the vortex motion 18 as well as reported results for iron-chalcogenide superconductors 13, 16 and other iron-pnictide ones. 19 Figures 2(a) and 2(b) depict the magnetic field dependence of the resistivities in the abplane at designated temperatures for H ab and H c, respectively. The resistivities show no hysteresis between the field ascending and descending processes, indicating no measurable heating due to eddy currents induced in the sample caused by the pulsed magnetic field. Upon heating from the lowest temperature, the superconducting to normal state transitions shift to lower magnetic fields. The transition induced by applied magnetic fields is considerably broad. At T = 1.4 K, the values of the zero-resistivity field µ 0 H zero c2 (10 % of the normal state resistivity) for H ab and H c are ∼ 34 T and ∼ 26 T, respectively. It is expected that the appearance of finite resistivity with lowering magnetic field for H c arises from dissipation associated with thermally activated vortex motion. 18 The onset upper critical fields µ 0 H onset From the Ginzburg-Landau (G-L) theory, 18 the coherent length tensor ξ(0) is calculated from the extrapolated µ 0 H ab c2 (0) and µ 0 H c c2 (0) data using the relations given by µ 0 H ab 
ab ξ c . It may be possible that the ∆µ 0 H c2 increases due to the decrease of ξ c . However, it should be pointed out that those estimations are based on the one-band G-L theory which may not be valid for the multi-band compound, and much more information will be needed for further theoretical and/or experimental investigations and discussion on superconductivity in this system. Nevertheless, these samples show the common feature of µ 0 H ab c2 (0) ≈ µ 0 H c c2 (0) at low temperatures. More detailed investigation for the composition dependence of µ 0 H c2 (T ) in Fe 1+y (Te,Se) systems is necessary to understand this fact.
In conclusion, we have performed electrical resistivity measurements on a single crystal of 
